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The Developmental Origins of Adult Disease theory (DOAD) states that through developmental plasticity, the Birth weight effects on the epigenome have been previously described in cord blood (18, 19) and during 1 0 0 childhood (20), seeming to diminish into adolescence and beyond (18, 21) . It is possible, however, that Here, we describe associations between birth weight and a range of adult health conditions and risk factors, 1 1 0
using high-quality data that improves on previous work in the field (e.g. (13)); it also reports an Epigenome-1 1 1
Wide Association Study (EWAS) of birthweight using whole-blood DNA derived in an adult sample, and 1 1 2 associations between birth weight and five epigenetic clocks. While previous work has looked at DNAm 1 1 3 relationships to birth weight in adults, none have performed EWAS studies in this age group, looking instead at 1 1 4 persistence of DNAm effects from birth (18, 21). We, therefore, hypothesise that while birth weight associated 1 1 5 DNAm patterns may change over time, differences will still exist in adulthood. Generation Scotland (GS) is a Scottish family-based cohort n=23, 690 (23). Data were collected from 1 2 0 participants between 2006 and 2011. GS is a deeply-phenotyped cohort, allowing examination of many aspects 1 2 1 of adult health, alongside genomic and biometric measures. In addition, 98% of GS participants gave informed 1 2 2 consent for data linkage to routinely collected health data and to information from other Scottish population 1 2 3 cohort studies, both current and historical. These include several with neonatal and maternity information: the gestational age at birth and twin information, was collated from these sources and linked to adult GS records for 1 2 8 6 4, 713 participants (Supplementary File 1, Figure 1 ). Birth weight data derived from health records taken at 1 2 9 birth improves on the self-reported nature of birth weight variables found in other population cohorts. Self-reported diseases (yes/no) that were commonly reported in the cohort (prevalence >1%) included 1 3 9 depression (prevalence 6·6%), osteoarthritis (1·6%), high blood pressure (3·4%), diabetes (1·3%), and asthma 1 4 0 (16·6%). These were modelled against the birth weight residuals using logistic regression. Average diastolic and In a second release of data generated during this analysis, using a near identical protocol (Supplementary File 1 7 0 2), an independent set of methylation data became available for an additional 4, 450 GS participants. In this 1 7 1 replication sample, a further 362 participants with both birth weight and gestational age information were used. As a sensitivity analysis, the 20 CpGs most strongly associated with birth weight in the discovery EWAS were 1 9 0 re-examined with a maximally-corrected model to account for additional lifestyle factors which may affect both There were 4,710 Generation Scotland (GS) participants with birth weight and gestational age information 2 3 0 relationship with lower self-reported depression risk (OR=0·85; 95% CI 0·75-0·96; p=0·018). Associations were 2 3 1 also found for the four traits described above, but no other adult health or functional outcomes (Supplementary 2 3 2 Table 1 ).
3 3 3 4
Epigenome-wide association study of birthweight 2 3 5
The epigenome-wide association study of birth weight revealed no CpGs significant at the genome-wide level 2 3 6 (p<3·6x10 -8 ; (38) ), although 19 CpGs had P<1x10 -5 (minimum FDR corrected P-value of 6·05x10 -8 for 2 3 7 cg00966482) (Figure 2a; Supplementary Table 2 ). The 19 CpGs were largely uncorrelated, with the exception 2 3 8 of three CpGs (located within CASZ1 -two within 200 base pairs of each other, with the third site around 11kb 2 3 9 away - Supplementary Table 2 ) that had absolute r≥0·6 (Figure 3) . score, and 30·7% lower odds for self-reported osteoarthritis. We also identified one genome-wide significant 2 7 5 association between birth weight and blood-based DNA methylation in adulthood. Previous studies have found both positive and negative associations between birth weight and depression. A 2 7 8 meta-analysis of 18 studies (n=~50, 000) found support for a modest effect of low birthweight (<2·5kg) on 2 7 9 depression risk (OR=1·15, 95% CI=1·00-1·32), but suggested this was a result of publication bias (13). We 2 8 0 improved upon the design of many of the papers within that meta-analysis by utilising clinician-diagnosed 2 8 1 depression and birth weight as a continuous variable (compared to self-reported measures of depression or 2 8 2 psychological distress and use of a binary (<2·5kg vs normal) birth weight variable). Compared to SCID-2 8 3 diagnosed depression, we found self-reported depression had a weaker association with birth weight.
8 4
Furthermore, the association with the self-reported measure was statistically significant in the minimally-2 8 5 adjusted but not fully-adjusted regression models. This emphasises the importance of using high quality, 2 8 6 clinically meaningful tools for measuring psychiatric disorders. The aetiology of depression is complex, with 2 8 7 multiple biological and psychosocial factors contributing increments of risk, thought to sum towards illness.
8 8
This study indicates that birth weight may be considered as one of these contributing risk factors, as its 2 8 9 association with adult diagnosis remained after accounting for many adult lifestyle factors. Consistent with the published literature (11, 14), we identified an association between higher birth weight and 2 9 2 higher adult BMI. Previous work has used Mendelian randomisation techniques to show that birthweight is a 2 9 3 causal factor in determining adult BMI (9). We also found a significant relationship between higher birth weight 2 9 4 and lower prevalence of osteoarthritis in this sample. Developmental origins of osteoarthritis have been 2 9 5 described before, with higher disease prevalence in low birth weight individuals (39), and those with low weight 2 9 6 at age one (40). 2 9 7 2 9 8
A positive association between birth weight and general intelligence is also reported here (1SD increase in 2 9 9 birthweight results in a 0·042 SD higher general intelligence score). Impaired cognitive ability after low birth 3 0 0 weight has been shown in several samples in childhood (12) and into adulthood (41). Some previously-established effects of birth weight on adult health are not supported here, for instance, links to 3 0 3 type 2 diabetes and cardiovascular disease (9). This may be partly due to the self-report nature of the health 3 0 4 measures used. Our sample size was also smaller than previous investigations into birth weight and 3 0 5 cardiovascular outcomes (9, 11). 3 0 6 3 0 7
In the EWAS meta-analysis we observed a genome-wide significant association between higher birthweight and 3 0 8 higher methylation levels at cg00966482 (ERVFRD-1). ERVFRD-1 encodes syncitin-2, a protein involved in 3 0 9 placental embedding (42). This site was not identified in a previous meta-analysis EWAS of birthweight (21).
1 0
Moreover, this is the first report of any genome-wide significant EWAS association for birth weight in an adult 3 1 1 sample. DNAm data was derived from whole blood taken during adulthood, so our findings might not generalise 3 1 2 to other tissue types. However, there are many advantages to interrogating blood-based methylation levels: first, CpG sites in the discovery sample plotted against the effect sizes in the replication sample (cg04988918 was not included in the replication array). The point size is determined by the -log10 of the p-values for these hits in the replication analysis. The two points labelled in black are the two CpG sites which achieved nominal significance in the replication study, and the three highlighted in red are the three co-methylated CpG sites within the CASZ1 gene. 
